moira is a member of the trithorax group of homeotic gene regulators in Drosophila melanogaster. We show that moira is required for the function of multiple homeotic genes of the Antennapedia and bithorax complexes (HOM genes) in most imaginal tissues and that the requirement for moira function is at the level of transcription, moira is also required for transcription of the engrailed segmentation gene in the imaginal wing disc. The abnormalities caused by the loss of moira function in germ cells suggests that at least one other target gene requires moira for normal oogenesis.
Introduction
Determination of body segment identity in the fruit fly Drosophila melanogaster is controlled by the homeotic genes. Two clusters of homeotic genes, the Antennapedia complex (ANTC) and the bithorax complex (BXC) have been extensively studied (Lewis, 1978; Gehring and Hiromi, 1986; Duncan, 1987; Kaufman et al., 1990) . The ANTC genes specify the identities of the first two thoracic segments (the prothorax and the mesothorax) and the gnathal segments of the head (the mandibular, maxillary and labial segments). The Deformed (Dfd) gene of the ANTC is required for normal development of the head and the Antennapedia (Antp) and Sex combs reduced (Scr) genes of the ANTC are required for normal development of the thorax (Wakimoto et al., 1984; Abbott and Kaufman, 1986; Merrill et al., 1987; Regulski et al., 1987; . The Ultrabithorax (Ubx) gene of the BXC complex is involved in the control of thoracic and abdom-inal identities, while the abdominal-A (abd-A) and Abdominal-B (Abd-B) BXC genes are required for abdominal segment identities (Lewis, 1963 (Lewis, , 1978 Morata et al., 1985; S~inchez-Herrero et al., 1985; Tiong et al., 1985 Tiong et al., , 1988 Whittle et al., 1986; Duncan, 1987) . The homeotic genes of the ANTC and BXC, collectively referred to as the HOM genes, are regulated by both negative and positive factors. The Polycomb group genes are negative regulators that encode transcriptional repressors (Jtirgens, 1985; Paro, 1990; Kennison, 1995) . Mutations in the Polycomb (Pc) gene derepress transcription of HOM genes, causing changes in segment identities (Paro, 1990) . The changes in segment identity caused by Pc mutations can be suppressed by mutations in trithorax group genes Tamkun, 1988, 1992; Shearn, 1989) . The trithorax group genes are thus positive regulators of HOM genes (Kennison, 1993 (Kennison, , 1995 . Several of the trithorax group genes have been cloned and the gene products characterized. The Brista (Ba) gene (also known as Distal-less) is a downstream target of the HOM genes and encodes a homeodomain protein (Vachon et al., 1992; O'Hara et al., 1993) . The remaining trithorax group genes that have been characterized all encode proteins required for HOM gene transcription. The trithorax (trx) gene encodes a large (>400 kDa) zinc-binding protein (Mazo et al., 1990; Breen and Harte, 1991) , the Trithorax-like (Trl) gene encodes the GAGA transcription factor (Farkas et al., 1994) , the brahma (brm) gene encodes a DNA-stimulated ATPase that is part of a large protein complex involved in transcriptional activation Kennison, 1995) , and the absent, small, or homeotic discs 1 (ash1) and absent, small, or homeotic discs 2 (ash2) genes encode PHD zincfinger proteins (Adamson and Shearn, 1996; Tripoulas et at., 1996) . Finally, the Enhancer of variegation in 93D [E(var) 93D] gene encodes a protein required for HOM gene function that is probably acting at the level of transcription (Dorn et al., 1993) . The moira (mor) gene is a member of the trithorax group identified by the suppression of Pc mutant phenotypes (Kennison and Tamkun, 1988 ). Here we show that mor is required for transcription of the HOM genes. We also show that mor is required for transcription of the segmentation gene engrailed (en) and unknown target genes during oogenesis. In addition, the requirement for mor during oogenesis indicates that there are additional targets of mor regulation, as neither en nor the HOM genes are required for normal oogenesis (Lawrence et al., 1983) .
Results

mor is required for function of multiple homeotic genes in imaginal tissues
mor mutations were first isolated in genetic screens designed to identify regulators of ANTC and BXC gene functions (Kennison and Tamkun, 1988) . In heterozygous Pc mutants, the HOM genes are partially derepressed. The Pc-induced derepression causes multiple homeotic mutant phenotypes (Denell, 1978; Capdevila and Garcfa-Bellido, 1981; Duncan and Lewis, 1982) . Derepression of the Antp gene in the eye-antennal disc causes replacement of adult antennal structures with leg structures. Derepression of the Scr gene in the second and third leg discs causes the appearance of first leg structures on the second and third legs of the adults. Derepression of the Ubx gene in the wing disc causes the appearance of haltere tissue in the adult wing. Finally, derepression of the genes in the abdominal region of the BXC (the abd-A and Abd-B genes) causes the cells of the fourth abdominal segment of the adult to differentiate structures of a more posterior identity. Heterozygous mor mutations suppress all of these Pc-induced phenotypes. This is illustrated in Table 1 for the phenotypes caused by derepression of the Scr gene in the second and third leg discs. Both the penetrance and expressivity of these transformations in Pc 4 heterozygous males are greatly reduced when the flies are also heterozygous for various mor mutations. Similar suppression was seen with another Pc allele (Pc 2, data not shown). We have also shown that mor mutations suppress the derepression phenotypes caused by mutations in another Pc group gene, Polycomblike (Pcl) . Again, both the peneof Development 65 (1997) [209] [210] [211] [212] [213] [214] [215] [216] [217] [218] [219] [220] trance and expressivity of Pcl 1° are reduced by two different mor mutations (Table 1) . The ability of mor to suppress all of these derepression phenotypes suggests that mor is required for the expression or function of a majority of the HOM genes in imaginal tissues.
To look at the requirements for mor function in the larval cells that secrete the adult cuticle, we generated clones of homozygous cells in heterozygous flies by radiationinduced mitotic recombination. We examined three different mor alleles (mor 1, mot 2 and mor 4) and identified the mutant clones because they also expressed several cell marker mutations that affect bristle size and shape. This method has the advantage that mutant clones can be produced at any desired developmental stage. The disadvantage, however, is that clones induced late in development are small. To overcome the problem of small clone size, we used the 'Minute technique' (Morata and Ripoll, 1975 ) to obtain larger clones.
Specific HOM genes are important for the identity of each segment of the fly, therefore we can determine which genes might be regulated by mor from the resulting phenotypes when mor function is absent. Loss of mor function results in abnormal phenotypes in any of the adult structures derived from imaginal discs. For example, in the haltere, the phenotypes suggest a loss of Ubx function and in the wing the phenotypes suggest a role in en regulation. Larger clones in some regions of the fly cause structures to be absent or duplicated. This suggests that loss of mor function at critical points in development may be cell lethal (Russell, 1974; Arking, 1975; Simpson and Schneiderman, 1975) . The phenotypes of mutant clones in different imaginal structures are described below.
Haltere
Sixty-three homozygous mor I mutant clones that formed wing structures in the haltere were found in 2357 flies. Some of these clones are shown in Fig. 1 . Many mor clones in the The penetrance is the percentage of flies with transformed tissue. The expressivity was determined by counting the number of ectopic sex comb teeth on the second and third legs and comparing to control first legs with an average of 10.8 sex comb teeth each (100%). aThe number of flies with transformed tissue/total number of flies scored. The transformation scored was for the appearance of sex comb teeth (first leg structures) on the second or third legs caused by derepression of Scr.
posterior haltere differentiated large bristles characteristic of the anterior wing margin (Fig. 1E,F the replacement of proximal haltere structures by proximal wing structures (Fig. ID) . Twenty-two m o r 2 clones generated later (48-72 h AEL) not only caused the appearance of wing structures in the haltere, but also often led to the absence or duplication of halteres ( Fig. 2A) , a phenotype often observed after extensive cell death in the imaginal disc (Arking, 1975; Simpson and Schneiderman, 1975) . Homozygous mor 4 clones were found infrequently. Only three clones in 4905 flies were found at all of the different times of irradiation, and those three clones appeared to form vesicles of wing trichomes segregated inside the haltere. One explanation for the differences between mor alleles may be that stronger alleles cause cell death while weaker alleles survive and give the more visible transformed phenotypes. Both mor 4 and mor 2 cause a transformation of the metanotum to mesonotum as well as predominantly affecting the proximal haltere. This is similar to the bithorax 1 (bx 1) phenotype (S~nchez-Herrero and Morata, 1983) . The phenotypes seen in haltere clones are similar to the phenotypes reported for two other trithorax group genes, ash1 and trx (Ingham, 1985; Shearn et al., 1987) . Clones of cells mutant for mor, trx, or ash1 mimic the loss-of-function phenotypes for both Ubx and en.
Wing
A total of 363 homozygous mor mutant wing clones were found in 7677 flies. Clones homozygous for any of the three different mor alleles had similar phenotypes. Homozygous mor clones in the posterior wing caused a distorted wing shape; the venation was disrupted and large socketed bristles appeared along the posterior wing margin (Fig. 3) . The mor phenotypes resembled the phenotypes of wing clones homozygous for trx or ash1 mutations (Ingham, 1985; Shearn et al., 1987) . Posterior wing clones lacking any of these three genes often make anterior wing structures. The homeotic transformation of posterior wing to anterior wing is characteristic of cells that have lost en function (GarcfaBellido and Santamaria, 1972; Morata and Lawrence, 1975; Kornberg, 1981) . Both en (Morata and Lawrence, 1975; Lawrence and Morata, 1976) and mor (data not shown) mutant clones sometimes fail to respect the anterior-posterior compartment border. 
Legs
Leg clones mutant for any of the three mor alleles caused the femur and tibia to be short and twisted and the tarsal segments to be enlarged (Fig. 4A) . m o r clones in the second leg were twisted, had vesicles of extra tissue, or caused the absence of the entire second leg. The tarsal segments were often fused, duplicated, or absent. Struhl (1981) examined the lost of Antp in second leg clones and found that the leg was transformed to antenna, indicated by a truncation in the middle portions of the leg, vesicles of antennal tissues and other features characteristic of the antenna, mor clones in the first and third legs often show the truncated phenotype as well, which may be due to transformations toward the second leg identity, m o r mutant leg clones also contained extra bristles, a phenotype also seen in en clones (Lawrence and Struhl, 1982) . Clones in the anterior first leg were transformed to anterior second leg ( Fig. 4B ) or had extra sex comb teeth (Fig. 4D ). trx and a s h l clones in the first leg also formed second leg structures (Ingham, 1985; Shearn et al., 1987) . m o r clones in third legs often had partial or complete duplications of distal structures (Fig. 2B,C) , or the entire leg morphology was abnormal. These phenotypes support the idea that m o r functions in the regulation of en and HOM genes.
A b d o m e n and genitalia
Homozygous mor clones in the tergites of abdominal segments one to six appeared to differentiate normal patterns. To show that mor clones in the abdomen were not cell is not a cell lethal in the abdomen, but that the clones survive and appear normal. Clones mutant for m o r in the seventh abdominal segment were normal except when associated with abnormalities in the genitalia that included the absence of part of the genital plate or fusions of parts of the structures.
H e a d
Clones in the head that were mutant for m o r caused the shape of the head to be abnormal in the dorsal region and sometimes caused the ocellus to be abnormal or absent. The arista was sometimes absent or enlarged. Similar phenotypes were described for the spineless-aristapedia mutation (ss"), which transformed the arista into the tarsi of the leg (Postlethwait and Girton, 1974; Struhl, 1982a; Burgess and Duncan, 1990) . m o r mutant clones that affected the eye caused part of the eye and surrounding areas to be transformed to bristle-bearing cuticle of undetermined identity. Extra bristles were sometimes also found in the vibrissae regions.
E m b r y o n i c f u n c t i o n s o f m o r
Embryos homozygous for m o r mutations have defects in head structures that include truncated lateralgr~iten and defects in the mouth hooks and dorsal bridge. These defects have been previously described and are thought to result from failure to properly express the HOM gene D e f o r m e d (Dfd) (Harding et al., 1995) . Although we observed abnormalities in the head structures of m o r embryos, the rest of the cuticle had no obvious pattern defects. Internally, however, we did observe some abnormalities in the midgut. The first and second midgut constrictions were shifted posterior to their wild-type positions. Consequently, the region between the proventriculus and the first constriction was larger than normal, and the regions between the first and second constrictions, and between the second and third constrictions, were smaller than normal. This posterior shift also caused a slight displacement of the hindgut. The epidermis and central nervous system appeared to be normal, as we could detect no differences in the patterns of UBX and EN proteins. It is possible that mor is required for expression of the HOM genes during embryogenesis and that maternallyexpressed m o r gene products provide this function. Therefore, we tried to remove the maternal m o r functions.
m o r is required during oogenesis
Two alleles of mor, mor I and mor 2, were studied by germline clonal analysis to test for a maternal effect and the results were pooled. Of 3195 m o r females tested, 68 (2.1%) laid eggs, indicating that there had been a radiation-induced exchange proximal to the ovo °1 transgene. The frequency of germ-line clones in a parallel control experiment (w; red e) was 3.8% (8 clones in 212 females tested). The lower frequency of clones in the m o t females may be due to a failure of some m o r mutant clones to produce any mature eggs (see below). Of the 68 m o t females with germ-line clones, 35 laid many eggs that hatched. The progeny from these females showed that all of these germline clones were from recombination events distal to mor (but proximal to the ovo °1 transgene) and were still heterozygous for mor. Of the remaining 23 females, 21 probably had germ-line clones that removed wild-type m o r function. These females laid few eggs, all of which failed to hatch. The unhatched eggs were very abnormal and the abnormalities included eggs that were collapsed, had partial or no chorions, were sometimes small or abnormally shaped, or had dorsal appendages that were often fused and thicker than normal (Fig. 5) . These abnormalities appeared to prevent fertilization and any subsequent development of the embryos. Upon dissection of the ovaries, we noted that the m o t 2 ovaries had several oocytes arrested at a late stage. The r n o / ovaries that we observed did not appear arrested, but had fewer than normal numbers of mature oocytes (4-5 compared to 12-15 in wild type). Because we were unable to obtain fertilizable eggs without normal functioning of m o r during oogenesis, we could not determine the importance of the maternal contribution of mor in the regulation of HOM genes in the embryonic tissues. Two females that laid eggs probably had more complicated radiation-induced events in the germ-line than simple mitotic exchange. One female laid eggs, many of which hatched, but none of the progeny survived past the larval stages. The second female gave viable progeny, but all carried the balancer chromosome from the father. It is possible that these females had large deletions that removed the ovo °l transgene but still carried the wild-type m o r allele. Removal of the transgene would allow oogenesis to proceed, but a large deletion would be lethal even in the heterozygous progeny.
m o r is required f o r transcriptional activation o f H O M genes and en
We have used the phenotypes caused by ectopic ANTP protein expression from three different promoters to show that mor plays a role in transcription. The ability of mor mutations to suppress Antp homeotic phenotypes is dependent on the Antp promoter. The Antp ~s mutant chromosome has a 25 kb duplication of the P2 promoter and a complex insertion of more than 40 kb that includes two roo transposons (Talbert and Garber, 1994) . The Antp Ns mutation derepresses transcription in the eye-antennal disc (Jorgensen and Garber, 1987) . We believe that the insertion blocks upstream repressive elements from functioning; transgenes containing the Antp P2 promoter and only 10 kb of upstream sequences are also expressed in the head in embryos (Boulet and Scott, 1988) . The ectopic expression in Antp N~ flies causes the differentiation of some leg structures in the antenna in 9 6 -9 9 % of flies ( Table 2 ). The penetrance of these antennal to leg transformations is greatly reduced in flies that are also heterozygous for a mor mutation (6% in m o r t and 4% in mor2). The Antp 73b chromosome has an inversion that fuses the sas promoter, which is normally expressed in the eye-antennal disc, to the Antp coding sequences (Frischer et al., 1986; Schneuwly et al., 1987b) . The ectopic expression of ANTP proteins from the sas promotet causes the differentiation of leg structures in the antennae of all Antp 73b flies, m o r mutations do not cause a reduction in the penetrance or expressivity of these transformations (Table 2) . Finally, we have used a transgenic strain that carries an Antp cDNA under the control of the heat-inducible H s p 7 0 promoter . The heat-inducible expression of ANTP protein in the eyeantennal cells of this strain during larval growth also causes the differentiation of leg structures in place of antennae (Schneuwly et al., 1987a; Gibson and Gehring, 1988) . mor mutations also fall to suppress the heat-induced phenotypes of the Hsp70-Antp fusion gene (Table 3) . Because of the variability among vials for the heat-induced Hsp70-Antp phenotype, we used an internal control for each experiment.
Among the progeny in each vial, half were heterozygous for the mor mutation and half carded the T M 6 C balancer chromosome. For both mort and mor 2, the penetrance of the heat-induced antennal phenotypes is only about 80% of that observed in the T M 6 C internal controls. However, control experiments using the 1(3)72Ab 1 mutation (chosen at random from our lab collection) show that this difference is due to a slight enhancement in the TM6C-bearing flies, and not a weak suppression by the mor mutations (Table 3) . These results suggest that mor is required for transcription of the Antp promoter (either by acting at the promoter or at the cis-regulatory elements of the Antp gene). Since the Antp 73b mutant gene still has some of the Antp introns, it is unlikely that mor is required for processing of the Antp RNA.
Because homozygous mor clones have phenotypes simi- and a large number of other genes (referred to as the trx group) (Shearn, 1989; Kennison, 1993) and negatively controlled by the genes of the Pc group containing at least a dozen members (Paro, 1990; Kennison, 1995) . Mutations in trx group genes have homeotic phenotypes when homozygous (such as in mutant clones) or when heterozygous with other mutations. As positive regulators of HOM genes, mutations in trx group genes mimic the HOM gene loss-of-function phenotypes and suppress the gain-offunction phenotypes caused by mutations in negative regulators. One positive regulator of HOM genes is encoded by m o r . Derepression of S c r by P c mutations causes transformation of second and third legs to first leg identities . Imaginal disc staining for SCR lar to those seen in clones of cells that have lost en functions, we also examined en transcription in clones of cells in the posterior wing that have lost both wild-type copies of m o r . We used a transgenic strain of flies containing a Pelement insertion that places an E. coli l a c Z reporter gene under the control of the en cis-regulatory elements. The 8-galactosidase protein encoded by the l a c Z reporter gene was detected using an appropriate color-producing substrate. In this transgenic strain, ~-galactosidase activity can be detected in the posterior of all segments where the en gene is normally expressed (Hama et al., 1990) . Clones of cells that were mutant for m o r and carried the e n -l a c Z reporter gene were generated. If m o r is a transcriptional activator of the en gene, then m o r gene products should be required at the en promoter for the expression of ~-galactosidase in the posterior wing in a pattern of normal en expression in the transgenic strain. Fig. 6A shows the normal en pattern of/3-galactosidase expression. In the absence of transcriptional activation by m o r , the pattern of/3-galactosidase expression was altered. Fig. 6C shows clones of cells homozygous for m o r 4 in which the normal expression pattern was affected. From these results we conclude that m o r function is required for en transcription in the posterior wing. Two other trx group genes, trx and ash1 are also required for en function in the posterior wing (Breen et al., 1995; LaJeunesse and Shearn, 1995) .
Discussion
The body plan of D r o s o p h i l a m e l a n o g a s t e r is specified from anterior to posterior under the direction of the HOM genes. These genes are expressed in specific regions of the fly where they are responsible for differentiation of structures characteristic of that particular segment. When the HOM genes are expressed inappropriately, homeotic transformations occur. To insure proper expression, the HOM genes are controlled by a network of both positive and negative regulators. The maintenance of proper homeotic gene expression is positively controlled by the trx gene protein in a mor and Pc mutant background showed that Pc-induced ectopic SCR protein expression in second and third leg imaginal discs was reduced by the mor mutation. Thus, mor is a positive regulator of Scr expression. Similarly, mor is a positive regulator of other HOM genes including Dfd, Antp, Ubx and Abd-B (Kennison and Tamkun, 1988; Harding et al., 1995; this work) . The requirement for mor in the differentiation of the adult cuticle is demonstrated by the HOM gene loss-of-function phenotypes of mor mutant clones. Loss of mor in the haltere caused a transformation of haltere and metanotum to second thoracic structures, including wing and mesonotum. This phenotype is similar to that of clones lacking Ubx in the dorsal thorax (Lewis, 1963; Morata and Garcfa-Bellido, 1976; Kerridge and Morata, 1982) . The appearance of an apical bristle (a structure normally found on the second leg) in first leg clones lacking mor was also observed for loss-offunction mutations in the HOM gene Scr (Wakimoto and Kaufman, 1981; Struhl, 1982b) . mor clones in the second leg had the same phenotype as Antp loss-of-function mutations (Struhl, 1981 (Struhl, , 1982b Abbott and Kaufman, 1986) , suggesting that Antp may not be properly expressed in these clones.
mor mutations also enhance HOM gene loss-of-function phenotypes, mor mutant embryos have head defects in Dfddependent structures that suggest that mor is required for normal Dfd function. Flies carrying partial loss-of-function Dfd alleles survive to adulthood but have head defects. Two new mor alleles were isolated as enhancers of Dfd partial loss-of-function alleles (Harding et al., 1995) . This is consistent with the role of mor as a positive regulator of Dfd. In addition to mor, Harding et al. (1995) isolated other trx group genes as enhancers of Dfd loss-of-function alleles, including alleles of trx, sallimus, devenir and I(3)87Ca. The hedgehog gene, which may also be under the positive regulation of mor (A.L. Felsenfeld and J.A. Kennison, unpublished data) , was also identified as a critical gene for Dfd function.
We have also looked for phenotypes in the abdomen that might tell us if mor functions in the regulation of the abdominal HOM genes, but found that the homozygous mor mutant clones in the abdomen appeared normal. Although earlier clonal analysis experiments with trx (Ingham, 1985) failed to reveal any abnormal phenotypes in the first six abdominal tergites, we found that clones homozygous for either trx e2 or trx ~H have transformations of posterior abdominal segments toward more anterior abdominal segments (unpublished data), suggestive of loss of abd-A and Abd-B regulation. Mutations in abd-A transform the second through fourth abdominal segments into first abdominal segments (S~inchez-Herrero et al., 1985; Tiong et al., 1985) . This is consistent with the idea that trx group genes influence abd-A expression. Although abdominal histoblasts do not appear to require mor late in development, our experiments do not rule out an earlier requirement. This earlier requirement is suggested by the suppression of Pc-induced derepression phenotypes in the abdominal segments by mor mutations.
Our results suggest that mor has another target gene(s) required during oogenesis. Neither en nor the HOM genes are required during oogenesis (Lawrence et al., 1983) , however, mor is required. Removal of maternal mor in germ-line clones caused the few eggs formed to be extremely abnormal. We initially made germ-line clones because we were interested in testing the zygotic requirement for mor. Because mor is required for oogenesis we were unable to test embryos lacking maternal mor for changes in en or HOM gene expression patterns. The almost normal development of the embryos that were tested from heterozygous mor mothers was probably due to mor function provided maternally. The hope was that if mor was required zygotically, removal of the maternal component would unmask an altered pattern of Ubx and en expression in the epidermis and central nervous system in these embryos. The abnormal cuticle in the head region of homozygous mor mutant embryos does show that mor is required during embryogenesis for normal differentiation of some larval sla-uctures. Germ-line clones of brm mutations also block oogenesis, but we were able to show that the maternal function is important for embryogenesis by looking at eggs laid by females homozygous for hypomorphic mutations (Brizuela et al., 1994) . Unfortunately, none of our existing mor mutations give any surviving mutant females for a similar experiment.
Clearly mor function is critical for development, but what is the cellular function of mor? mor belongs to a diverse group of genes whose members are required for the maintained function of homeotic genes. The diversity of the trx group is due to the different steps at which misregulation could lead to loss of homeotic gene function. The regulated steps include transcription, RNA processing, translation, post-translational modification of the protein product, and might also include steps involving co-factors required for function at homeotic gene target sites Kennison, 1993) . Using heterologous promoters to drive ectopic ANTP protein expression, we showed that mor appears to be required for transcription from the Antp promoter. Using an en-lacZ reporter gene, we also showed that mor is required for en transcription in the imaginal wing cells. Recently, the gene encoding a large chromosomal protein related to the trithorax group protein BRM has been cloned and maps to the same three polytene chromosome bands as mor (Goldman-Levi et al., 1996) . This new gene, 89B helicase, is missing in a cytologically-invisible mor deletion (J. Southworth and J.A. Kennison, unpublished data) . As this small deletion also affects at least one other vital gene in this region, we are currently trying to determine whether mor encodes the 89B helicase, and if so, whether the MOR protein is part of a large protein complex similar to the SWI/SNF complex (Kennison, 1995) that may interact with specific cis-regulatory regions of its target genes. Molecular investigation of trx group genes such as mor has increased in recent years. We believe that mor will prove to be very important in Drosophila developmental processes, and may play a pivotal role in elucidating the fundamental mechanisms of transcriptional regulation in segmental identity.
Experimental procedures
Interactions with Pc group genes
Heterozygous mor mutant females were crossed with PC 4 or Pc m heterozygous mutant males. Sons with ectopic sex comb teeth on the second and third leg were considered transformed. The expressivity was determined by counting the number of ectopic sex comb teeth on the second and third legs and comparing to control first legs with an average of 10.8 sex comb teeth each (Kennison and Russell, 1987) .
Interactions with Antp
Experiments with the Hsp70-Antp transgene were carried out as previously described . The Antp Ns allele contains an insertion and duplication at the Antp P2 promoter (Jorgensen and Garber, 1987; Talbert and Garber, 1994) . The Antp 73b allele is associated with a chromosomal inversion that exchanges the first exons of two genes, Antp and stranded at second (sas), including the promoters. The inversion produces fusion transcripts containing the 5' exon from the sas gene fused to the Antp protein coding exons (Frischer et al., 1986; Schneuwly et al., 1987b) . Heterozygous mor I or mor 2 mutant females were crossed with Antp Ns or Antp 73b mutant males. The progeny were raised at 25°C and the number of flies with some homeotic transformation of the antenna or arista to leg structures were counted and the penetrance determined. We also tested an additional lethal mutation, l(3)72Ab I (Brizuela et ai., 1994) , as a control.
Embryo staining and cuticle preparations
Embryo fixation and staining with UBX antisera was conducted as previously described (Brizuela et al., 1994) . mor mutations were balanced with In(3LR) TM3, P[ftz: lacZ] , which expresses 3-galactosidase under the control of the flz promoter. Embryos were double stained for UBX and 3-galactosidase proteins to identify homozygous mor mutant embryos. Cuticular preparations were made by fixing overnight at 58°C in 9:1 solution of lactic acid/ethanol, followed by mounting in Hoyers media.
Germ-line clones
Germ-line clones were generated as described (Chou et al., 1993) , with some modifications, mor 1 or mor 2 hetero-
zygous females were mated to w;P [w,ovo ] 13X2/ In(3LR)TM3 males and the progeny irradiated during the first larval instar (24-48 h after egg lay (AEL)) with 1000 rad of 3,-irradiation from a laTcs source, mor is proximal to the dominant female-sterile insertion, so that recombination events proximal to the ovo °l insertion can be either proximal or distal to mor. Recombination proximal to mor results in a clone homozygous for mor, which makes eggs that lack maternal mor gene products. Recombination distal to mor results in a clone that is still heterozygous for mor + and produces eggs with maternal mor ÷ product. Each germline clone was backcrossed with a different mor allele to determine whether the recombination event was proximal or distal. 
6. Induction and scoring of abdominal clones
Females with y w 67ce on the X chromosome were crossed with males with Ki pP M(3)95A e Pr Bsb on the third chromosome. Sons that were y w6Zc2; +/Ki If M(3)95A 2 Pr Bsb were crossed with wild-type Oregon R or mor 4 females. Females were allowed to lay eggs for 48 h and after aging another 24 h, the progeny were irradiated as described above. Abdomens from progeny were mounted as described above and scored for yellow (y) clones induced on the X chromosome (an internal control) and marked clones from mitotic recombination in the right arm of the third chromosome. The ratio between the number of clones induced on the X and the third chromosome in the Oregon R controls was used to determine the expected frequency.
7. 3-Galactosidase staining of wings
mor mutant clones were induced in the posterior wing, as described above, in flies that also carried an enhancer trap insertion in the en gene (Hama et al., 1990) . This enhancer trap insertion, P[ry+] xho25, expresses /3-galactosidase under the control of the en cis-regulatory elements. Progeny were collected at 24 h intervals and irradiated during the larval stages with 500 or 1000 rad as described above.
P[ry÷]xho25/+ mor/Ki pP M(3)
95A 2 Pr Bsb progeny were collected as they eclosed, the wings were removed and fixed for 5 min on ice (100 mM cacodylate buffer (pH 7.3), 50% EM grade glutaraldehyde, with n-heptane), and washed twice in cold PBS. The wings were then stained 6 h to overnight in 0.2% X-gal solution (Fe/NeP buffer (pH 7.2), DMSO, 0.8% X-gal in DMF).
